ABSTRACT The utility of a population based, corporate wide mortality surveillance system was evaluated after a 10 year observation period of one of the company's divisions. The subject population, 2219 white male, long term employees from Union Carbide Corporation's carbon based electrode and specialty products operations, was followed up for mortality from 1974 to 1983. External comparisons with the United States male population were supplemented with internal comparisons among subgroups of the study population, defined by broad job categories and time related variables, adjusting for important correlates of the healthy worker effect. Significant deficits of deaths were observed for all causes and the major non-cancer causes of death. The numbers of deaths due to malignant neoplasms and respiratory cancer were less than, but not statistically different fTom, expected. There was a non-significant excess of deaths from lymphopoietic cancer, occurring predominantly among salaried employees. When specific locations were examined, operations with potential exposure to coal tar products exhibited a mortality pattern similar to that of the total cohort. The risk for lung cancer was significantly raised (five observed, 1-4 expected) in one small, but older, location which did not involve coal tar products during the period of employment of these individuals, but which historically used asbestos materials for several unique applications. Although these findings are limited by small numbers and a short observation period, the population based surveillance strategy has provided valuable information regarding the mortality experience of the population, directions for future research, and the allocation of epidemiological resources.
An important first step in evaluating the effect of workplace exposures on the health of employees is to determine the most productive use of epidemiological resources. Where specific environmental health concerns have been recognised, a high priority must be assigned to investigating these matters directly through a rigorous research effort. In the absence of such concerns a continuing surveillance programme may be helpful in identifying areas for more intensive epidemiological research by providing a broad assessment of employees' health relative to the potential for exposure across the entire workforce. With surveillance, less comprehensive information is collected than would typically be required in an investigation of a specific issue. This lack of detail, however, usually facilitates the rapid collection, analysis, and assessment of the available data. Even though it is not targeted to address specific issues, an existing surveillance system may fortuitously provide data with which to respond rapidly to questions raised by new Accepted 8 July 1986 toxicological and medical findings. Surveillance may also provide a measure of reassurance that the work environment is a safe one. Thus there are several compelling reasons to include surveillance among the activities of an occupational health programme.
In 1978 the epidemiology unit of the Union Carbide Corporation (UCC) initiated a population based mortality surveillance system in one of the company's major operating groups, the carbon products division (CPD). An important objective of this project was to evaluate the informativeness of such a system and its usefulness in detecting health effects that may be due to occupational factors.
The choice of the CPD for testing population based surveillance within the company was motivated by: (1) the recognition that several of the materials used in these manufacturing operations, particularly coal tar products, petroleum coke, and asbestos, could pose potential health hazards; (2) the lack of published data on the health experience of workers engaged in the production of carbon based electrodes and specialty products, and (3) the availability of computerised payroll data for the division. 10 To assess the potential impact of several correlates of the healthy employee selection effect, internal analyses were performed relating mortality experience to general job category (A: supervisory, research, and office employees; B: crafts; and C: operators, labourers, and service), age at hire (15-24, 25-34, and >35 years), prior years ofemployment (10-19, 20-29, > 30 years), and interval since entry to study (0-4, 5-9 years). Job category, as defined, reflects both socioeconomic differences and differences in potential for occupational exposures. Internal comparisons of a particular location to all other locations combined were also performed where needed to supplement external analyses. Details of this analysis have been presented elsewhere.' In brief, the levels of each factor are compared, using a stratification approach to control for possible confounding due to the remaining variables. Mutually comparable conditional risk ratios are derived and summary chi-squared statistics are calculated to test for differences among groups and evidence of linear trend for each factor under investigation.
A population based approach to surveillance was favoured over an event based (proportionate mortality) approach for several reasons. Firstly, the availability of population data allows a comparison of death rates rather than simply a comparison of proportional causes of death. Thus differences in overall death rates will not distort the cause specific comparisons. Secondly, additional research, such as a nested case/control study, is easier to plan because basic information for a large portion of the target 4 . Analyses were performed only for those cause of death categories with 10 or more observed deaths in the total surveillance population. Group differences were observed for all causes of death combined and for cerebrovascular disease. In both instances the conditional risk ratios (ratio of observed to internal expected deaths) were lowest among the supervisory, research, and office employees (job group A) and highest among the craft employees (job group B). There was also an increasing trend in the risk ratio for respiratory cancer (p = 0 05) and a decreasing trend in the risk ratio for lymphopoietic cancer (p = 0 06) as job group changed from A to C.
Although no statistically significant differences were observed for either age at hire or interval since entry, there was a non-significant trend of relatively higher mortality with increased interval since entry. Eighty one deaths occurred during the first five years of observation (risk ratio = 0-8) and 142 deaths occurred during the second five years interval (risk ratio = 1 1). This reflects an approximate 37% rela- group (risk ratio = 1 0). Among cause specific comparisons, there was a significant correlation between mortality due to circulatory disease and prior years of employment (p = 002), the risk ratios being 0 5, 1 1, and 11 respectively. Conversely, for lymphopoietic cancer, the risk ratios were inversely correlated with prior years of employment (p = 0 07), the ratios being 1-6, 1 0, and 0 5 respectively.
Location specific analyses were initially based on independent external comparisons with the United States population for the six locations that contributed more than 100 people to the study. The four locations with similar operations (A, B, D, and E) were relatively homogenous with respect to overall and cause specific death rates (table 5) and did not differ significantly from the results for all locations combined. The most discrepant overall SMRs were observed for the two smallest locations, F and C. The all causes and total cancer SMRs for the research and development centre, location F, were almost two thirds smaller than expected (SMRs = 38, 35 respectively). Location C's all cause mortality (SMR = 89) was less than that of the United States population but was higher than that for the total cohort, and there was a twofold non-significant increase in total deaths from cancer (SMR = 220) based on 8 observed and 3-6 expected deaths. Five of these deaths from cancer (1 4 expected) were specific to the lung and occurred among men with > 20 years prior employment who belonged to the operator/ labourer/service job category in 1974. This excess resulted in a threefold statistically significant SMR (336) for malignancies of the respiratory system among white male employees at this plant.
The location C analyses were replicated using the internal comparison procedure to contrast mortality for that location with the remaining surveillance locations, controlling for prior years of employment, job category, and interval since entry. The results of these comparisons were consistent with those of the external analyses. The conditional risk ratios were raised for total deaths from cancer (risk ratio = 2-3, p = 0 02) and for deaths due to respiratory cancer (risk ratio = 4-0, p = 0 01) with the deaths from respiratory cancer accounting for essentially all of the total cancer excess.
Discussion
The overall SMR of 67 (95% CI: 55-72) for the study population was low as were the SMRs for many of the chronic diseases. These findings are consistent with the low SMRs typically observed for employed populations in the initial years of follow up and point to the importance of supplementing comparisons based on external general population death rates with internal comparisons. The large deficits in deaths due to accidental causes and suicide were not expected, since initial selection effects would not be expected to be operational for externally caused deaths. It may be, however, that the employees in this study, belonging to a long term working population (> 10 years of prior employment), had developed a stable lifestyle and a high degree of safety awareness.
There was one cause of death, malignant neoplasms of the lymphatic and haematopoietic tissue, for which the SMR was notably above 100. The deaths due to Population based mortality surveillance in carbon products manufacturing plants lymphopoietic cancer (12 Among the six locations studied, the most noteworthy finding was an excess of deaths from respiratory cancer at one of the smaller but older locations. Although this may represent a spurious case cluster identified in the course of examining multiple locations and disease entities, it warranted additional follow up efforts to determine possible alternative explanations. The respiratory cancer excess was not accounted for by regional differences in death rates, since the local county respiratory cancer death rates were only slightly higher than those of the United States for this period. Location C did differ from the remaining locations in that coal tar pitch was not known to have been used at the plant after 1928. In addition, location C was subject to a major reduction in its workforce in 1964. As indicated in table 1, the primary exposures of concern were to formaldehyde, silica, furfural, furfuryl alcohol, and asbestos. Formaldehyde, furfural, and furfuryl alcohol were used to treat the graphite parts which were, in turn, glued together with a carbonaceous cement composed of acetylene black and a phenolic resin. The potential for asbestos exposure is related to the cutting of gaskets and control boards from asbestos containing sheeting, the cutting of asbestos rope as a packing for sealing parts, and the use of asbestos blankets for insulation. All of these activities ended in the mid-1970s. Asbestos was commonly used at the other locations studied but the applications (siding, roofing, brake shoes, pipe covering, cement for furnaces) differed. Asbestos gaskets were also used at these locations but they were not cut to size on site, as they were at location C. Historical data documenting fibre size and type and levels of exposure by location are non-existent.
A review of the individual work history and medical records for the five subjects who died from respiratory cancer showed that they had smoked cigarettes, were hired after 1934, and had worked at least 25 years at the plant. At some point during their careers, each of them had worked in a section assigned to tasks involving potential exposure to asbestos in the final assembly of the parts. All the men had also worked shortly after hire in carbon brush manufacture which was one of the principal operations at the plant in early years. Only one of the men had worked in the area involving the initial treatment of the graphite. Although there are insufficient data to confirm that exposure to asbestos and cigarette smoking were concerned in the aetiology of these deaths, our review of the cases and plant operations could not identify any other risk factors to which this finding could be ascribed.
One of the reasons for our interest in this surveillance population was related to the use of coal tar pitch at most of the locations. Occupational mortality studies of workers exposed to coal tar products in the coke, steel, aluminium, and gas industries have reported an increased occurrence of cancer for a variety of sites including the respiratory system, skin, scrotum, and kidney.'3 -16 These outcomes were not found in significant excess among employees in the current study population. The SMR for respiratory cancer was 85; there were two deaths from skin cancer ([-5 expected deaths), no deaths from cancer of the scrotum, and three deaths from cancer of the kidney (2 2 expected deaths). These results do not indicate an adverse effect of pitch exposure on mortality in this workforce. Possible explanations for this finding include: (1) the surveillance strategy's low sensitivity to detect mortality excesses that may exist in small subgroups of the study population and (2) lower concentrations and therefore exposure to suspect carcino-350 genic polynuclear aromatic hydrocarbons due to the lower temperatures to which coal tar pitch is heated in the baked carbon industry. 17 None of these mortality studies considers the occurrence of non-fatal diseases in pitch workers.
In conclusion, the existence ofcomputerised payroll files for the carbon products division of Union Carbide Corporation provided us with an opportunity to develop and evaluate a population based approach to mortality surveillance. Our initial experience has been encouraging. Although the findings to date are limited by a relatively short observation period, valuable information has been obtained regarding the mortality experience of this population, and we are better able to establish research priorities. Additional follow up will improve power and provide an independent confirmation or lack thereof of the trends seen during the first 10 year observation period.
